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SoilIn order to assess the possible health risk associated with the consumption of vegetables harvested from waste
dump sites, trace metal levels in Spinacia oleracea planted in soils collected fromwaste dump sites were investi-
gated. Soil samples fromdifferentwaste dump sites andmining areaswere collected and placed in different pots.
Seedlings of S. oleraceawere introduced into the pots, harvested after 3 months and analysed for tracemetal con-
tents using ICP-MS. From the leaves of the plants, the concentration of Fe was found to be signiﬁcantly higher
than all other trace metals (p b 0.05). The trend in trace metal accumulation from the leaves was in the order
Fe N Mn N Zn N Pb N Cu N Cr N Ni N Cd. A signiﬁcantly different concentration of trace metals in the plant was
noticed from different soils in different pots used (p b 0.05). Tracemetal concentration from plant parts showed
roots N leaves N stem. The risk to human health indicated as Hazard Quotient (HQ) was highest for Zn followed
by Cu from all the plant parts. The HQ result showed that humansmight be at risk if they consume spinach from
these waste dump sites. From the study it was concluded that harvesting/consuming spinach from soil around a
waste dump site may be extremely dangerous.
© 2013 The Authors. Published by Elsevier B.V. on behalf of SAAB. All rights reserved.1. Introduction
The release of pollutants with particular reference to trace metals in
the urban centre is on the increase and may pose a serious threat to the
quality of life in the developing world (Sani et al., 2011). Sources of
heavy metal contamination in the environment include emissions
from mining industries, agricultural practices and improper waste dis-
posal methods (Olowoyo et al., 2013). Trace metals play an important
role in the chemical, biological, biochemical, metabolic, catabolic and
enzymatic reactions in living tissues (Hashmi et al., 2007). However in
excess, these metals may become toxic to humans leading to various
diseases (Hashmi et al., 2007; Anhwange et al., 2009). Recent reports
have shown that a great percentage of toxic trace metals ﬁnd their
way into human diet through food consumption and prolonged expo-
sure through consumption of contaminated food crops (vegetables)
by metals may lead to disturbances in the human body (Nabulo et al.,
2012).
Vegetables are used as staple food both in raw and cooked form.
They play an important role in the customs, traditions and food cultureterms of the Creative Commons
which permits non-commercial
d the original author and source
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lished by Elsevier B.V. on behalf of SAof African households (Sani et al., 2011). It has been reported that veg-
etables are considered as protective supplementary food, because they
contain large quantities of trace elements (metals) minerals, vitamins,
carbohydrates, essential amino acids and dietary ﬁbres (Ajasa et al.,
2004).
However, due to the ever increasing population there is an urgent
need for balancing the growing population with an increased food
production especially from developing countries (Nabulo et al., 2010).
Consumers, in most cases, consider dark green and big leaves as good
quality leafy vegetable safe for human consumption. Unfortunately in
most of the urban cities, agricultural lands may be situated in close
proximity to industrial sites. People living around the industrial areas
rely on backyard farming for the supply of vegetables for their house-
holds and it is also a common sight to see people collecting vegetables
around waste dump sites.
A study carried out in Pretoria, South Africa on Amaranthus spinosus
a commonly consumed wild vegetable which grows in waste areas,
revealed that both the roots and the leaves of the plant accumulated
high levels of tracemetals. The results clearly showed that Fewas signif-
icantly higher than all elements detected. The ﬁndings further showed
that the concentration of some trace metals detected from the plants
exceeds the permissible limit set by the WHO (Olowoyo et al., 2011a).
Also, from a separate study conducted on ﬁve leafy vegetables (Talinum
triangulare, Celosia argentia, Amaranthus viridis, Cucurbita maxima and
Corchorus olitorius) from the city of Lagos revealed that concentrations
of some trace metals such as Zn, Cu, Cd and Pb from urban sites wereAB. All rights reserved.
Table 1
Trace metal concentration in (μg/g and mg/g*) from leaves of spinach planted in soils collected from different areas.
Sites Fe* Mn* Cr Pb Cu Zn* Ni Cd
1 (RDWS) 3.05 ± 1.02 0.71 ± 0.03 14.65 ± 0.45 121.33 ± 0.11 63.48 ± 1.02 0.32 ± 0.11 6.01 ± 0.02 0.28 ± 0.02
2 (MWDS) 1.22 ± 1.00 0.32 ± 0.01 10.02 ± 0.26 204.44 ± 1.11 98.99 ± 1.04 0.11 ± 0.05 5.12 ± 0.14 0.03 ± 0.00
3 (MIS) 2.96 ± 0.23 0.76 ± 0.05 17.08 ± 0.32 56.38 ± 2.25 26.11 ± 1.11 0.10 ± 0.01 9.21 ± 0.11 0.07 ± 0.01
4 (HHS) 2.84 ± 0.11 0.14 ± 0.08 10.05 ± 1.45 82.98 ± 1.54 10.64 ± 0.32 0.07 ± 0.01 5.11 ± 0.14 0.02 ± 0.00
RDWS (Rosslyn Waste Dump Site), MWDS (University Waste Dump Site), MIS (Mining Area), HHS (Household Yard).
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unwashed leaves from the urban city centres recorded the highest
concentrations of trace metals (Oluwole and Yusuf, 2009). Crop uptake
may therefore becomeone of themajor routes of food chain exposure to
trace elements in the soil. The ability of plants to uptake or exclude trace
metals from soils varies and depends on several factors such as soil pH,
organic matter content and plant metabolism (Anhwange et al., 2009).
Due to problems associated with urbanization, pollutants are more
likely to affect farming adversely; farming in theurban cities is gradually
becoming a permanent feature of the landscape of many cities in Africa
(Olowoyo et al., 2011b). The present study investigated the potential
health risk of consuming spinach harvested from waste dump sites.
2. Methodology
2.1. Field preparation
A nursery was prepared with seeds of spinach (Spinacia oleracea) by
broadcasting the seeds thus allowing them to grow in soil with compost
for 3 weeks. Thereafter the seedlings were carefully removed and
transplanted into pot plants containing soil samples collected from
different sites.
2.2. Soil sample collection and analysis
Soils were collected from waste dump sites and around industrial
areas in Pretoria, South Africa. Site 1 (S1) (Rosslyn Waste Dump Site),
Site 2 (S2) (MedunsaWaste Dump Site), Site 3 (S3) (soil aroundmining
industry) and Site 4 (S4) (soil collected within the urban centre or
household yard). The collected soil samples were immediately placed
in the experimental pots. Parts of the soil samples from each of the
sampling sites that were not used for plantingwere taken to the labora-
tory and analysed for pH, organic matter content and trace metal
content. The grounded soil samples were analysed for trace metal con-
centrations by using 4 acid digest techniques (HCl, HNO3, HClO4 andHF)
where acids were added to 5.0 g of soil and the resulting solution made
to volume and trace metals determined by Inductively Coupled Plasma
Mass Spectrometry (ICP-MS).
2.3. Introduction of S. oleracea into pot plants and plant analysis
Seedlings of S. oleracea collected from the nursery were carefully
introduced into the experimental pots and allowed to grow for
3 months before harvesting. During this period, the pots were supplied
with water on daily basis. After 3 months the spinach was harvested
and separated into three parts: leaves, stems and roots. The separatedTable 2
Trace metal concentration in (μg/g and mg/g*) from stems of spinach planted in soils collected
Sites Fe* Mn* Cr Pb
1 (RDWS) 7.89 ± 1.01 0.23 ± 0.01 10.01 ± 1.08 519.89 ±
2 (MWDS) 2.75 ± 0.58 0.14 ± 0.35 12.68 ± 0.05 62.61 ±
3 (MIS) 9.07 ± 1.01 0.20 ± 0.14 17.84 ± 0.07 7.66 ±
4 (HHS) 1.37 ± 0.32 0.04 ± 0.01 10.01 ± 0.04 29.68 ±
RDWS (Rosslyn Waste Dump Site), MWDS (University Waste Dump Site), MIS (Mining Area),parts were oven dried and later grinded using the mortar and pestle
to obtain a powdery substance. The digestion of plant samples was
performed using 0.3 g of the grounded materials and with the addition
of 10 ml of HNO3 (65% Merck supra pure) and 3 ml of HCIO4 (65%
Merck supra pure). The resulting solution was made up to volume and
analysed for trace metal contents using ICP-MS.
2.4. Quality assurance
For the purpose of quality assurance, blanks were prepared sepa-
rately for both the soil and plant materials. Certiﬁed reference material
NCS DC 73309 was also analysed and the concentration of trace metals
determined by ICP-MS. The recovery rates were in the range 96%–99%
for all the elements.
2.5. Hazard Quotient (HQM) determination
The Hazard Quotient expressed as HQM was used to calculate the
human health risk resulting from the consumption of spinach leaves.
The formula below was used for the HQM calculation
HQM ¼ ADDM=RfDM
where
ADDM ¼ DIMFvegð Þ=WB
(Nabulo et al., 2010).
ADDM is the average daily dose (mg kg/d) of the metal and RfDM is
the reference dose (mg kg/d). RfDM is deﬁned as themaximum tolerable
daily intake of a speciﬁc metal that has no adverse effect (Nabulo et al.,
2010). DI is the daily intake of leafy vegetables (kg/d), MFveg denotes
the trace metal concentration in the vegetable tissues (mg/kg) and WB
represents the body weight of investigated individuals. The DI was
calculated at 0.182 kg/d for adults and 0.118 kg/d for children (Nabulo
et al., 2010). The body weight of investigated adults was assumed to be
55.7 and 14.2 for children (Nabulo et al., 2010). If the value of HQMcalcu-
lated should exceed 1 (HQM N 1), then there may be potential risk to
consumer. The values presented by Nabulo et al. (2012) as (RfD) values
for selected metals were used in this study.
2.6. Data analysis
Statistical analysis was carried out using SPSS 20.0 for Windows.
Differences in the concentrations of trace metals from the sites were
determined using either the Student t-test or the analysis of variance.from different areas.
Cu Zn* Ni Cd
1.05 25.69 ± 2.35 0.23 ± 0.10 7.29 ± 0.12 0.10 ± 0.00
3.65 99.86 ± 6.54 0.13 ± 0.05 7.89 ± 0.07 0.02 ± 0.01
2.14 9.09 ± 0.98 0.29 ± 0.01 9.83 ± 1.07 0.07 ± 0.00
3.44 31.08 ± 1.47 0.09 ± 0.01 4.23 ± 2.01 0.02 ± 0.00
HHS (Household Yard).
Table 3
Trace metal concentration in (μg/g and mg/g*) from roots of spinach planted in soils collected from different areas.
Sites Fe* Mn* Cr Pb Cu Zn Ni Cd
1 (RDWS) 2.24 ± 1.01 0.57 ± 0.14 75.96 ± 0.14 281.2 ± 0.23 311.24 ± 1.11 161.48 ± 1.11 40.91 ± 1.21 0.02 ± 0.00
2 (MWDS) 3.85 ± 2.01 0.30 ± 0.11 10.12 ± 1.15 231.73 ± 2.36 42.49 ± 1.25 130.18 ± 2.33 10.20 ± 1.11 0.02 ± 0.00
3 (MIS) 4.38 ± 0.35 0.25 ± 0.14 38.52 ± 1.22 5.93 ± 3.11 14.98 ± 1.10 144.66 ± 2.14 11.52 ± 1.04 0.04 ± 0.01
4 (HHS) 3.32 ± 0.24 0.29 ± 0.17 15.91 ± 1.55 185.84 ± 6.35 258.75 ± 0.21 107.87 ± 3.65 18.64 ± 1.00 0.03 ± 0.01
RDWS (Rosslyn Waste Dump Site), MWDS (University Waste Dump Site), MIS (Mining Area), HHS (Household Yard).
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the sites.
3. Results and discussion
From all the trace metals examined, the level of Fe was signiﬁcantly
higher (p b 0.05) than all the other metals. The value recorded for Fe
from the leaves was in the range 1.22 ± 1.00 mg/g–3.05 ± 1.02 mg/g
from all the pots with the highest value occurring from plants harvested
from soils collected from S1 (Table 1). The mean concentrations of Fe
in the stems of plants harvested from the pots were in the trend
9.07 ± 1.01 mg/g (S3) N 7.89 ± 1.01 mg/g (S1) N 2.75 ± 0.58 mg/g
(S2) N 1.37 ± 0.32 mg/g (S4). From the roots of the plants, the concen-
tration of Fe was in the range 2.24 ± 1.01 mg/g–4.38 ± 0.35 mg/g. A
common trend could not be established for the concentration of Fe
fromall the plant parts, however, Fe concentration showed a signiﬁcantly
higher value in the roots than the stems and leaves (p b 0.05). Fe is an
important element in human body metabolism which acts as a catalyst
and it contains haemoglobin (Hashmi et al., 2007). It is important for
people living with diabetes as it helps in the oxidation of carbohydrates,
protein and fat thereby controlling weight (Khan et al., 2007). However,
the concentration of Fe in the leaves exceeded the 425 μg/g set by the
WHO, which is safe for human consumption (Mohsen and Mohsen,
2008). In plants, excess Fe may inhibit the synthesis of chlorophyll and
protein as well as carbohydrate and the uptake of phosphate and nitro-
gen. In humans, excess amounts of Fe in the circulation may damage
cells in the liver, the heart and other metabolically active organs (Xing
et al., 2010; Brewer, 2007). The presence of Fe in the plant is indicative
of the bioaccumulative efﬁciency of the plant. Levels of Fe in the leaves
may also be dependent on the concentrations of Fe in soil; however the
uptake of Fe in the soil is governed by factors such as soil pH, soil organic
matter and the redox potential of the soil (Olowoyo et al., 2011b).
Mn concentration from the leaves ranged from 0.14 ± 0.08 mg/g to
0.71 ± 0.03 mg/g, while the concentration from the stems ranged from
0.04 ± 0.01 mg/g to 0.23 ± 0.01 mg/g. The trend in the concentration
of Mn from the plant parts showed that the level of Mnwas in the order
leaves N roots N stem. The highest concentration of Mn was recorded
from the leaves harvested from S3 (Table 1). The levels ofMn fromplants
harvested from soils collected fromS1 and S3 showed signiﬁcantly higher
values than all the other sites (p N 0.01). The result of this study is similar
to the report fromMurtaza et al. (2003)where the level ofMn ranged be-
tween 5.10 mg/kg and 162. 40 mg/kg. The level of Mn from the leaves in
S1 and S3 reported in our study exceeded the permissible limit of
500 mg/kg prescribed by the WHO (2001). Manganese is important in
the human body, as it takes part in the manufacturing of enzymes.Table 4
Hazard Quotient (HQM) for adults consuming vegetables from the study sites.
Sites Zn Cu Ni Pb Cd
1 (RDWS) 3.482 0.518 0.082 0.378 0.001
2 (MWDS) 1.229 1.517 0.068 0.636 0.001
3 (MIS) 1.107 0.213 0.125 0.175 0.002
4 (HHS) 0.814 0.087 0.068 0.258 0.001
RDWS (Rosslyn Waste Dump Site), MWDS (University Waste Dump Site), MIS (Mining
Area), HHS (Household Yard).
HQM N 1 indicates a potential health risk.However, an excess level of Mn concentrations in plant tissues affects
adversely enzyme activity, absorption, translocation and utilization of
other mineral elements, leading to oxidative stress (Lei et al., 2007).
Chromium concentrations from all the plant parts are presented in
Tables 1–3. Chromium concentrations in plants harvested from soils
from S3 were more than the other pots. Concentrations of Cr in the
roots and leaves were more than the concentrations from the stems.
The concentrations of Cr from the plant exceeded the permissible limit
of 1.30 mg/kg as set by the WHO (2001). The health hazard posed by
Cr depends largely on the oxidation state. But in most cases, excess Cr
in the bodymay cause skin ulcers, dermatitis, and allergic skin reactions.
The concentration of Pb ranged from 56.38 ± 2.25 μg/g to
204.44 ± 1.11 μg/g. From the present study, the concentration of Pb
exceeded the recommended limit of 0.43 μg/g for edible plants and
10 μg/g for medicinal plants set by the WHO (2001). The presence of
Pb from this study may have been connected to the waste dump site
soils used for the study. The severe accumulation of Pb in the human
body may induce both acute and chronic poisoning and it may also
affect the functions of the kidney and the liver adversely (Heyes, 1997).
Cadmium concentration ranged between 0.01 ± 0.00 μg/g and
0.28 ± 0.02 μg/g. The highest concentration for Cd was recorded in
leaves harvested in soil from S3. From the present study, all the concen-
trations recorded for Cd from the plant parts were below the accepted
limit of 0.21 with the exception of leaves harvested from soils collected
fromS3. Accumulation of Cd above the recommended limit causes acute
and chronic poisoning of the liver and may also replace calcium in the
bones of the young children (Heyes, 1997).
Nickel concentration varied between 4.23 ± 2.01 μg/g and 40.91 ±
1.21 μg/g. The roots showed signiﬁcantly higher concentrations for Ni
from the study. However, comparing our values in the stems and leaves
of spinach, the plant accumulated Ni far above the recommended limit
of 1.63 μg/g. From a previous study conducted by Olowoyo et al.
(2011b) it was reported that Ni was more associated to plant roots
than any other parts of the plants. Although Ni had far exceeded the
recommended limit of 1.63 μg/g, these values may not be of great con-
cern because Ni toxicity in humans is not a very common occurrence
due to the fact that its absorption in the body is very low (Oninwa
et al., 2000). However, comparing the values in the stems and leaves
of spinach, the plant accumulated Ni far above the recommended limit
of 1.63 μg/g. These values may not be of great concern because Ni toxic-
ity in humans is not a very common occurrence due to the fact that its
absorption in the body is very low.
The result of our ﬁndings clearly showed that the level of Cu was far
above the recommended limit of 15 μg/g, with the exception in the
leaves and stem parts harvested from S4 and S3 respectively. InTable 5
Hazard Quotient (HQM) for children consuming vegetables from the study sites.
Sites Zn Cu Ni Pb Cd
1 (RDWS) 8.856 1.319 0.208 0.96 0.002
2 (MWDS) 3.125 2.859 0.173 1.05 0.003
3 (MIS) 2.815 0.542 0.319 0.446 0.001
4 (HHS) 2.07 0.221 0.173 0.657 0.002
RDWS (Rosslyn Waste Dump Site), MWDS (University Waste Dump Site), MIS (Mining
Area), HHS (Household Yard).
HQM N 1 indicates a potential health risk.
Table 6
Trace metal concentration in (μg/g and mg/g*) from soils collected from different areas.
Sites pH CaCl2 pH H20 Fe* Mn* Cr Pb Cu Zn Ni Cd
S1 (RDWS) 6.07 ± 0.01 6.89 ± 0.00 44.34 ± 1. 01 1.47 ± 0.17 76.24 ± 0.05 12.85 ± 0.11 88.19 ± 1.01 78.53 ± 2.01 124.35 ± 0.92 0.11 ± 0.01
S2 (MWDS) 6.43 ± 0.00 6.23 ± 0.01 55.07 ± 2. 20 1.60 ± 0.18 169.04 ± 0.08 17.89 ± 0.05 47.29 ± 0.90 88.92 ± 0.62 121.82 ± 1.05 0.11 ± 0.00
S3 (MIS) 5.94 ± 0.02 6.69 ± 0.10 54.36 ± 0.30 1.61 ± 0.11 379.1 ± 0.07 5.5 ± 0.10 21.26 ± 0.51 222.45 ± 0.73 323.94 ± 1.10 0.05 ± 0.01
S4 (HHS) 5.22 ± 0.10 6.01 ± 0.00 49.55 ± 0.40 1.95 ± 0.14 143.38 ± 0.15 11.24 ± 1.02 43.54 ± 0.04 105.74 ± 1.61 112.41 ± 1.12 0.17 ± 0.00
RDWS (Rosslyn Waste Dump Site), MWDS (University Waste Dump Site), MIS (Mining Area), HHS (Household Yard).
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role in themaintenance of immunity, fertility, formation ofmelanin, and
the promotion of consistent pigmentation. It is believed to play a role in
preventing high blood pressure, heart arrhythmia and oxidation of the
cells and in keeping cholesterol levels low. Copper is used by the body
to manufacture numerous enzymes, many of which work as antioxi-
dants, however in high levels it may cause enzyme malfunctioning
(Singh and Taneja, 2010).
The recommended limit for Zn concentration in human diet is
10 μg/g (Ajasa et al. 2001). The concentration of Zn in the leaves
ranged between 0.07 ± 0.01 and 0.32 ± 0.11 mg/g, with S1
recorded as the highest concentration. From S3, Zn concentration
showed the highest level when compared to the other sites
(p b 0.05). From the roots, Zn concentration was signiﬁcantly higher
than the other parts. Zinc concentration in the roots ranged from
107.87 ±3.65 μg/g to 161.48 ± 1.11 μg/g. The order of Zn concen-
tration was leaves N stems N roots. Zinc is an essential element re-
quired by plants in minute quantities. In high quantities it can be
toxic to plants, producing a purplish-red colour in leaves, which is
also a problem associated with phosphorus (P) deﬁciency (Lee
et al., 1996). In younger leaves Zn toxicity causes chlorosis which ex-
tends to older leaves. This leads to problems associated with Mn and
Cu deﬁciencies which hinders the transfer of micronutrients form
roots to shoots (Stadtman and Olivier, 1991). The presence of Zn in
the human body promotes growth and development but in excess
may lead to metal poisoning and growth retardation (Singh and
Taneja, 2010).
The soil pH level for all the sites was in the range 5.26–6.94
(Table 6). The pH levels of the soil samples were all in the acidic re-
gion. The organic matter content of the soil was in the range
3.10 ± 0.66%–12.32 ± 0.61%. The concentration of trace metals
was in the order Fe N Mn N Cr N Ni N Zn N Cu N Pb N Cd (Table 6).
In S3, Cr showed a signiﬁcantly higher concentration than all the
other sites (p b 0.05) due to the mining activities around the area
(Olowoyo et al., 2013). The soil trace metal concentration of Cd in
all sites ranged from 0.05 ± 0.05 μg/g to 0.17 ± 0.01 μg/g. The
acidic condition of the soil will favour the translocation of the
metals from the soil to the different plant parts (Singh and Taneja,
2010).
Generally from the present study, the trend in trace metal accu-
mulation from the leaves was in the order Fe N Mn N Zn N Pb N
Cu N Cr N Ni N Cd. The concentration of Zn, Cu and Mn was signiﬁ-
cantly lower in the stems as compared to the leaves (p N 0.05). The
trend of the concentration of trace metals in the stem was in the
order Fe N Zn N Pb N Mn N Cu N Cr N Ni N Cd. Several studies have
pointed out differences in bioaccumulation potential of different
plant vegetables (Olowoyo et al., 2011b; Mtunzi et al., 2012; Naser
et al., 2012 and Jaben et al., 2011). The variation in the accumulative
properties of all these vegetables shows that uptake of trace metals
in plants is plant-speciﬁc hence each of the crop plants especially
vegetables needs to be examined.
The potential risk of consuming spinach from the sites used in this
studywas examined using themethodofNabulo et al. (2010). The results
for the potential health risk are presented in Tables 4 and 5, from the
method, HQM N 1, which indicates a potential risk for the consumer.
The harvested vegetable from S1 posed the highest risk potential toconsumers when compared to all the other sites. When the results of
this study were compared to those of Nabulo et al. (2012), the HQM of
Zn was indicative of potential risk for consumers. The HQ value was
greater for children than for adults in this study and that of Nabulo
et al. (2012).
According to a report by Lee et al. (1996) the majority of
micronutrients such as Fe, Zn and Ni are more available within a pH
range of 5 to 7. Outside of these optimal ranges, nutrients are available
to plants at lesser amounts. Metals (Cu, Fe, Mn, Ni, and Zn) are very
tightly bound to the soil at high pH and are therefore more available
at low pH levels than at high pH levels. From this study therefore,
most of the trace metals may become readily available for plant uptake
owing to the soil pH level.
4. Conclusion
The results of the study showed that the growth of S. oleracea was
not disturbed by the level of trace metals in soil, hence S. oleraceamay
be tolerant to some trace metals and can therefore bioaccumulate
trace metals within its tissues. However, the THQ results showed
serious danger if S. oleracea harvested from these areas is consumed
most especially by infants. Thus, suggesting that harvesting or consum-
ing S. oleracea from soil around a waste dump site and mining areas
could be extremely dangerous to human health. The high concentration
of the metals in the stem and roots may not pose any serious danger
because only the leaves are consumed. The study is very signiﬁcant
due to the general perception that vegetables harvested from waste
dump sites are safe and may also promote organic farming. However,
our ﬁndings have clearly showed that there is a need to educate people
on the danger of consuming vegetables from waste dump sites. Period-
ical monitoring programme should be encouraged especially when
collecting the plants from areas that are close to pollution since pollut-
ants such as tracemetalsmay enter the leaves via the stomata. Research
into the bioaccumulative efﬁciency of other vegetables needs to be
carried out in order to determine their safety even when harvested
from a waste dump site.
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